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ABSTRACT 

This document, composed of 3 separated papers under 1 
cover, is a case study of 1 institution's attempt to develop a system 
to permit optimum utilization of limited resources. The part of the 
system discussed here assumes that the institution has already made 
the decisions as to what it can do well and has tc some extent 
allocated such resources as faculty, facilities, and money to these 
programs. The next step is to attract and select those students who 
will best utilize the resources as they are currently allocated. The 
primary focus of the 3 papers is on the fiscal elements of this 
system. (Author/HS) 
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Introduction 



This presentation is a composite of three different papers. 
The section dealing with the projection system was written by 
Eric Brown, the section on the "Parental Income Scale" by 
Everard Nicholson, and the perturbation analysis of the finan- 
cial effects of increased enrollment by Paul Maeder. 

We would like to thank Dr. Frances E. Dunn, Director of 
the Office of Educational Measurement, Miss Celeste Griffin, 
Mrs. Elaine Horsfield, and Mrs. Wei-Chi Chen Huo for their 
assistance in providing the data to make this project possible 
and Mrs. Joan Alexander who put up with our editing, re-editing 
and table changes. 
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This paper is a case study of one institution's attempt 
to develop a system to permit optimum utilization of limited 
resources. Although the system is designed for use at Brown 
University, it is hoped that some of the research findings and 
procedures can prove useful to a wide variety of colleges and 
universities faced with similar problems. 

The method derives from the assumption that a private educa- 
tional institution cannot be all things to all men. If the insti- 
tution is to survive, it must concentrate on certain parts of the 
educational spectrum. In these areas, it must attempt to optimize 
its resources to offer first-rate educational programs. 

The part of the system which will be discussed in the 
symposium assumes that the institution has already made the de- 
cisions as to what it can do well and has to some extent allocated 
its resources - faculty, facilities, and dollars to these programs. 
The next step is to attract and select those students who will 
best utilize the resources as they are currently allocated. 

There are a number of parameters imposed upon the selection pro- 
cess, e.g. academic standards, available scholarship funds, commit- 
ments to minority groups, alumni sons, athletes, etc. The objective 
therefore is to design a system which determines the best possible 
mix of entering students, subject to given constraints, which will 
optimize the distribution of resources. The primary focus of the 
three papers, which have been integrated for this presentation, is 
on the fiscal elements of this system. 
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If an institution is to select the class which will optimize 
the institution's resources as they are now allocated, the first 
step must be to ascertain whether or not it is possible to project 
with a reasonable degree of certainty the resource requirements 
of any given combination of applicants during their academic 
career. As the projections ultimately may be made prior to accep- 
tance or matriculation, they must be based on information available 
in the applicant's admission credentials. 

The rationale for the development of such a projection 
system is based on two hypotheses. The first is that the set of 
factors within an institution which influence students' jourse 
selection change gradually and in a discernible pattern. This 
set of factors which would include faculty, teaching methods, 
curriculum, peer group, etc. shall be referred to in the future 
as "institutional press". 

The second hypothesis is that students, prior to entrance 
to college, already have characteristics which have a substantial 
and predictable influence over their course selection. 

If hypothesis 1 is correct, then we can treat the "institu- 
tional press" as a constant over short-run periods and base pro- 
jections on a relationship existing between student characteristics 
and course selection. The development of a projection system 
using this approach would make it possible to determine at or 
before entrance course selections and resources required for a 
four-year period for any given class. 
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To test the first hypothesis, student course selections 
had to be organized in such a way that meaningful inter-year com- 
parisons could be made. Thus, both the aggregate of the student 
concentrations and the course selections were broken down into 
the four basic areas: Humanities, Social Sciences, Physical 

Sciences, and Life Sciences. All courses for all Humanities 
concentrators in the classes graduated in 1968-1970 were sorted 
into each of the four major areas . The same procedure was 
followed for Physical Science, Life Science, and Social Science 
concentrators. If 'institutional press" changed significantly 
duripg the six-year period (from 196 4 when the graduating class 
of 1968 entered, co 1970 when the last class graduated) it would 
affect the distribution of courses in one or more of the concen- 
tration areas. (Non-graduates were also included as a separate 
category as these students utilize a significant amount of the 
institution's resources.) Table 1 indicates the distribution of 
each of the five groups for the graduating classes of 1968-1970. 



Table 1 
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Two conclusions can be drawn from this table. First, each 
area of concentration - Humanities, Social Sciences, etc. - differs 
significantly in the resources required to support that area. 
Second, the inter-year shifts in course distribution within each 
area are minor in magnitude. (A more detailed chi-square analysis 
of these three-year course patterns was carried in an earlier 
study which indicates the lack of significant change within con- 
centration patterns by area, by department, and even by year - 
freshman, sophomore, etc. - within specific department concentra- 
tion (Griffin and Brown, 1971). 

However, to be of significant value in resource projections, 
we need to examine the stability of course selection patterns 
further. Table 2 contains the distribution of courses for each 
area of concentration by year, by course level, and by Department/ 
Groups of Departments. 



Table 2 



Again, in all three categories (by year, by level, and by 
department) the marked contrast between course selection patterns 
of the group of students who end up majoring in each area can be 
seen. Conversely, the hypothesis of stability within each area 
between years is supported by the analysis in Table 2. (It should 
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be noted that the students in all three of these classes were 
not required to declare concentration until the end of the sopho- 
more year and A.B. Degree recipients - about 85% of all graduates 
in these classes-had no prescribed courses in the freshman and 
sophomore year with the exception of English Composition which 
was required of the classes of 1968 and 1969.) 

With the demonstrated stability of the course patterns 
within area of concentration, it is now possible to examine the 
relationship of pre-entrance characteristics to ultimate area of 
concentration. Expressed area of academic interest was selected 
as one characteristic and sex of student as the second. Matrices 
of interest by academic discipline and ultimate area of concentra- 
tion were then constructed for men and women for the classes 
entering Brown in 1963-1966. An example of a segment of '.he 
matrix is found in Table 3. 



Table 3 



Probabilities for a student with each interest ending up as 
a concentrator in each department were then constructed for each 
class. An example of a segment of the probability matrix is 



Table 4 
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found in Table 4. 
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The probabilities for the four preceding classes were used 
to derive the projections of group membership in each area of 
concentration and for non-graduates based on the interests and 
sex of the entering class of 1967. Table 5 contains a comparison 
of the projected versus actual numbers in each category. 



Table 5 



Of the 1090 graduating students, only 34 were projected 
in the wrong concentration pattern. This small degree of error 
plus the stability of the four-year course selection patterns 
within area of concentration provides the evidence to support 
the use of this approach in assessing the effects on the insti- 
tution of admitting different combinations of students. 

Of equal value is the possibility of using this projection 
system as a means of evaluating curriculum changes. The changes 
in curriculum should become apparent through a comparison of 
projected to actual. Two and one-half years ago, major changes 
were introduced in the curricular structure of Brown University. 

(Of the three graduating classes 1968-1970, only 1970 was affected.) 
By using projections based solely on pre-new curriculum classes, 
and contrasting them with actual classes under the new curriculum, 
we can see where changes are taking place and examine these 
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changes to ascertain whether or not they in keeping with the 
new curricular objectives. Conversely, for projection purposes, 
the course selection patterns and probabilities can be continually 
updated to provide the most accurate base for projections to as- 
certain the effects of admitting alternative mixes of students. 
(N.B. Even in the instance where the institution has little or 
no selectivity in admission, this approach may be of value in 
assessing the resources needed by an entering class or the effects 
of changes of "institutional press".) 

However, in each alternative mix of acceptable candidates, 
there are some students who can afford the cost of their educa- 
tion and some who cannot. Therefore, an added dimension to the 
decision making would be a means of ascertaining the ability to 
pay tuition for each of these mixes which leads us to the second 
element of this case study, parental earned income. 

The decision of the Office of Analysis & Plans of Brown 
University to develop scales of estimated earned income arose 
from a wish to examine the concept that private colleges like 
Brown may be headed toward a situation where the student body will 
consist of rich and poor, the traditional middle class having been 
eliminated. As the research proceeded, it became clear that an 
instrument could be created yith potential far beyond the original 
intention, providing a valuable tool for resource planning. 

Further , such a scale would be valuable to other offices such as 
admission, financial aid, and development. 
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Distributions of income are by no means new to planners. 

As part of its ongoing longitudinal research program, the American 
Council on Education regularly gathers family income data from 
college freshmen and makes available normative data based upon 
the samples of participating colleges. As useful as these dis- 
tributions may be, they fall short of planning needs by virtue of 
the nature of the data - students' estimates. Experience at Brown 
University has revealed deliberate inflations of low income on 
the one hand and underestimation of higher incomes on the other. 
The most important aspect , howover, is that ACE distributions of 
family income are restricted to matriculants, and does not include 

the total pool of applicants for admission . 

% 

Although any candidate pool can be described in terms of 
abilities, achievements and other characteristics, for about 60 % 
who do not apply for financial aid, the vital description of 
individual ability to pay the sizeable amounts of money that a 
college education entails today is not available. On the premise 
that private colleges may not wish to ask for such information, 
but knowledge of upper income levels is necessary to determine 
policy for increasing tuition to offset increasing costs, it seems 
sensible to seek an indirect means of assessment. 
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A first attempt to derive income estimates making, use of 
students’ self-estimates was abandoned due to their unreliability. 

A second approach, that of predicting expected income by way of 
the multiple regression analysis model using socio-economic items 
and a crude scale derived from census data was also abandoned. 

The chosen method became that of attaching an amount of money 
to a job. The most desirable norms would be those fitting parents 
of undergraduates, appropriate to a population about 40-50 years 
of age. Scales derived from Consumer Income Reports of the 
United States Department of Commerce were found to be both too 
limited and too low. Civil Service Scales were finally chosen 
as a starting point. Calibrated by level and years of service, 
it was possible to match positions and levels to derive estimates 
of earned income for those similarly employed in the federal service. 
Surveys were also made of professional and labor associations at 
all levels. The sets of information were combined to derive a 
scale of point data indicating typical income of occupational 
groups by level and sometimes by sex for executive, professional, 
managerial, clerical and worker occupations, stratified according 
to the supervisory, journeyman or self-employed nature of the 
work, and, for executives only, the size of the firm. 

Each number in the scale categorizes the occupation, level 
and income assignment and has a standard deviation. Means of 
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categories were normalized by dividing all by the least, resulting 
in ordered codes which were algebraic in nature. Although amounts 
of income may be expected to change, it is reasonable to assume that 
rank orderings will not vary appreciably from year to year. Con- 
version to amounts of money, therefore, may take inflation into 
account but the scale does not have to be revised every year. 
Examples illustrate - data taken from applications for admission: 

309 (S.D.~23): father is a top echelon executive in a large 

known firm. 

121 (S.D.=18): his wife is a college professor but not a 

head of department or dean. 

Not everyone within a profession has the same salary. A 
program has been written to redistribute all categories, as it 
were a real-life situation making use of the standard deviation. 
Fifty percent are assigned the face amount and 25% plus or minus 
one standard deviation. The redistributed amounts are summed within 
the same program to derive coded estimated family earned incomes. 

A second program distributes these within intervals, which, for 
purposes of comparison, are the same as those adopted by the 
American Council on Education (ACE: 1970). 

For the above example, a range of $63,018 - $76,302 is 
derived. The scale itself ranges from presidents of large firms 

to categories of no earned income, such as unskilled, unemployed 
labor. 
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lt has been noted that about 40% of Brown's candidate pool 
seek financial aid. Parents are required to submit information 
through the College Scholarship Service, outputs of which include 
family earned income . This became the criterion for validating 
amounts derived from the scale. The two sets of data were cor- 
related using the sample of all men and women of Brown University 
who entered September, 1970 and sought financial aid (N=461) and 
replicated upon the identically similar sample of Tufts University 
who entered September, 1971 (N=315) . Correlations of .77 and .71 
between real and estimated data were found. The latter coefficient 
needs to be examined knowing that the data collector had but a few 
minutes of instruction, a manual, and absence of knowledge of the 
amounts of money associated with the categories. She was merely 
asked to fit parental occupations from information of job 9 nd 
title found in admission credentials of each student to codes in 
the scale. 

The second procedure was to distribute reported and estimated 
family earned incomes for the same samples of those who sought 
financial aid. The results are found for both Brown and Tufts in 
the first two columns of Tables 6 and 7 respectively. In both 
cases differences between means of real and estimated data were 
nonsignificant. 
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Estimates were also derived for those who did not seek 
financial aid, and their distributions are also found in Tables 
6 and 7. Validly, they describe considerably more affluent 
groups, less than 7% having family earned incomes less than 
$12,500 and about 25% or more in excess of $35,000 per annum. 

It is assumed that reported family incomes are superior 
than estimated data. For studies of income only, therefore, com- 
bined data are recommended. Distributions of combinations of real 
data for those who applied for financial aid and estimated data 
for those who did not are found in Tables 6 and 7. They may be 
compared with national norms of students' estimates found in 
Table 8. 

A novel means of tapping information concerning parental 
occupations and job titles , usually found in the credentials of 
applicants for college admission was proposed. From such informa- 
tion it was found possible to derive estimates of earned income 
as well as to classify occupations by type and level. Ranking 
and normalizing the data obviated the need to revise such scales 
annually and eliminated the problem of inflation. Correlations 
of . 77(N=461) and . 71(N*315) between real and estimated data were 
found for independent samples from two Northeastern colleges, as 
well as statistically similar means and sensibly similar distribu- 
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Making use of such estimates could lead to better under- 
standing of the economic consequences of changes of university 
policy with respect to sizes of departments, degree and concentra- 
tion enrollments, and so forth. Shifts and projections could be 
examined with greater insight into fiscal planning. It has been 
shown that accurate projections of the candidate pool can be 
made from a sample of current applications as early as October 15 
at Brown University. Thus it is possible, using such an income 
scale, to project the parental income distribution of the total 
applicant group early in the fall, if it is necessary for an 
institution to have a large proportion of its applicants with no 
financial need, and if projections using this scale indicate that 
this will not occur, then there would still be ample time to 
change recruiting policies to bring the final pool into balance. 

New insights into the problems of students' fees may be 
possible, the potential for raising them on the one hand and the 
consequences of increased financial need on the other. 

If it becomes necessary to pay as much attention to candi- 
dates from homes with upper incomes as is now paid to those from 
lower incomes, then such a scale or a better one will be needed. 

On the other hand, state universities may be interested in the 
affluence of the total candidate pool to assist policy making with 
respect to fee structure. Should fees of state institutions be 

i 

staggered? Such a scale as this provides one way of examining 
ability to pay within the total candidate pool. One Northeastern 
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regional state university is interested in the concept that it 
draws upon a population much less affluent than the state as a 
whole. A president with substantial information in hand is better 
able to take his case to the legislature. 

Income distributions of total applicant groups, those who 
matriculate, withdraw before or after decision or who are rejected 
could give new direction to the admission process. Visualization 
of socio-economic differences between fine groups and trends from 
year to year cannot rise above the hunch level without objective 
data. A parental income variable adds a new dimension. 

The scale is designed not only to indicate amounts of money 
but also to identify parental occupations and status, making possible 
the capture of specific occupational groups, sons of engineers for 
the engineering school, sons of medical practitioners for the 
medical program, for example, or attention to the whole spectrum 
from sons and daughters of top executives to lowly skilled and 
unemployed. 

Clearly, such a scale is a socio-economic index. It has been 
found to be correlated with the Environmental Index locally created 
from biographical items for a Ford Foundation sponsored Brown 
University study of admission criteria (Nicholson, 1970). Not 
only may such a scale help better to describe the nature of a 
student body and its subgroups but also it may provide insights 
in the examination of dropouts, course selection patterns, and 
other studies of attrition, aspiration and achievement. 
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Brown's development office has found use in the estimates 
as a means of identifying donor groups. Potentially, the scale 
itself may be adjusted up and down for different ages to provide 
a valuable indicator of potential giving. On the other hand, the 
scale does not attempt to measure sophisticated incomes, but it 
does categorize, and a development office can proceed from there. 

The third element of this presentation draws primarily from 
data in the previously described projection system in the first 
section. It is the purpose of this element to assess the financial 
changes that would occur were the undergraduate student body at 
Brown University increased without changing the quality of our 
instructional programs significantly. In our attempt to accomplish 
this we compute the incremental costs of students added to our 
undergraduate student body for three different types of students; 
the student who is representative of the average interest of our 
entering class, the student who indicates at entrance a special 
interest in the Physical Sciences, and the student who indicates 
a special interest in the Humanities. 

Operating costs of academic departments are the largest 
single item in the cost of our educational programs. Therefore, 
the undergraduate enrollments per full-time equivalent faculty 
member in a given department is chosen as the indicator of 
faculty load above which an increase in enrollment will require 
a proportionate increase in faculty and below which it is 
assumed that excess teaching capacity is available and no faculty 
increase need be made. This parameter is carried through the 
analysis as the independent variable. Thus, the results are 
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obtained in terms of a course enrollment per faculty limit beyond 
which further increases in enrollment will require enlargement 
of certain departments. 

The operating expenditures of the University are divided 
into four groups: 

1) expenditures which can be expected to increase 
proportional to undergraduate enrollment 
(Dean’s Office, Admissions Office, Student 
Services, etc.) 

2) expenditures which are not expected to increase 
due to increased undergraduate enrollment 
(President's Office, Development, General 

Institutional, etc.) 

3) expenditures whi<:h are expected to increase 
proportionate to increases in faculty size 
(Libraries, Instructional and Administrative 
building, etc.) 

4) expenditures in the academic department from 
general funds. These are assumed to increase 
together with the faculty of the department 
proportional to enrollment increases in a de- 
partment if the department's load is already 
at or above a certain limit. 
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It must be pointed out that the study is carried out as 
an incremental or perturbation analysis. Therefore its results 
appiy only to relatively small increases or decreases (up to 
10 or 20%) and cannot be used as an indicator for actual cost 
of education as they would be obtained from an analysis of 
programs (undergraduate programs , graduate programs , research 
programs, etc.). Once significant changes have taken place, 
cost distributions and other factors must be re-computed. 

It is a basic assumption of this study that all the programs 
in an academic department (undergraduate, graduate, research) 
increase proportionately if the department's faculty is 
increased. Thus, the study does not take into account or attempt 
to assess possible shifts from graduate to undergraduate instruc- 
tion except in those departments where enrollment increases without 
faculty increases are to be achieved. 

It is conceivable that a faculty increase in a department 
caused by an increase in undergraduate enrollment could result in 
income to the University beyond the tuition income of the under- 
graduate student. A faculty member might engage in sponsored 
research which would permit him to employ graduate students as 
research assistants which, in turn, would produce tuition income 
from these assistants to the Graduate School. No such possible 
increases have been taken into account. 
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Wherever there was a question with regard to allocation of 
costs or other assumptions - and there were many - the more con- 
servative path was followed. 

Finally, it should be pointed out that it is in the nature 
of such studies as the present one that, while they go into con- 
siderable detail department by department and cost item by cost 
item in their analysis, they should enter the decision-making pro- 
cess only in an overall and general fashion to determine objectives. 
Detailed decisions should be made only after much more scrutiny 
and analysis which takes into account many other factors. For 
instance, this study indicates that net revenues of approximately 
$1100 per additional student not on financial aid would be pro- 
duced were the faculty increased only in those departments which 
now have course enrollments of more than 100 per faculty member. 

If one then should decide to proceed with a program to increase 
the enrollment, one should use the detailed information of this 
study as a rough guide only and carefully analyze these and other 
departments to determine whether a faculty increase is indeed 
justified or not justified respectively in a particular department. 
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PROCEDURE 

Based on our records of the University 1 s operation in fiscal 
year 1971, undergraduate enrollments, numbers of full-time equiv- 
alent faculty, and expenditures from general funds were determined 
for each academic department. The ratio of undergraduate enroll- 
ments to full-time equivalent faculty was then computed and 
chosen as the principal indicator for faculty load. It is realized 
that in many cases this may well present a somewhat distorted 
picture since departments may be carrying a smaller or larger 
graduate student body or research effort. However, it is the 
simplest number that can be derived without additional assumptions, 
expected that no serious overall errors are introduced 
because some of these other factors in fact average out for the 
University as a whole. 

In Table 9 the departments are listed in descending order 
for this faculty load factor. Faculty full-time equivalents and 
departmental expenditures are normalized with respect to total 
faculty and total departmental expenditures respectively. Thus, 
Department number 7 has 6.85% of Brown's faculty and spent 
6.54% of the University's appropriation to instructional depart- 
ments, while it carries 12.3% of the University's total under- 
graduate enrollments. 



Table 9 



Also listed in Table 9 are ratios for the Physical Sciences 
and the Hu m a n ities . These are the ratios of the probability that 
a student entering with this special interest chooses his courses 
in a particular department's area to the probability that an 
average student at Brown, no matter what his interest, chooces a 
course in the same department. These ratios have been determined 
from the enrollment records of the classes which graduated in 
1968, 1969, and 1970. They are used to determine what enrollment 
changes would occur in the various departments if additional stu- 
dents with a particular interest were admitted. A more detailed 
analysis would calculate these ratios department-by-department 
-rather than area-by-area. However, it is again felt that the 
error introduced through our coarser analysis will be small. 

^ Figure 1 the distributions of enrollment versus the 
departments, ordered by faculty load, are presented. It is seen, 
for instance, that one-half the enrollments by all students are 

in departments which carry more than 115 enrollments per fctculty 
member. 

Figure 2 shows the distribution of faculty among departments 
ordered by faculty load. We see, for instance, that one-half of 
our faculty engaged in teaching all students teaches in depart- 
ments whose load is less than 46 course enrollments per faculty 
member. The curves indicate the relative faculty increase to a 
relative student increase (<Xp) required if departments above a 
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certain load shall remain at constant enrollment per faculty member 
ratios. Thus, a 10% increase in enrollment of students with dis- 
tributed interests similar to our present student body would re- 
quire a 3.1% increase in faculty if only departments which already 
have an enrollment- to-f acuity ratio above 100 were allowed to 
increase. 

Figure 3 contains similar information to Figure 2 but for 
departmental expenditures from general funds rather than faculty 
• 

In Table 10 the line item budget as approved by the 
Corporation for the year 1971-72 is presented. For each line 
item an incremental allocation factor is determined. Some of 
the items are expected to grow proportionate to enrollment, some 
proportionate to departmental expenditures Kg) t some proportionate 
to the increase in faculty (cy F ) . From this, and the total amount 
expended per student based on our projected enrollment for next 
year, the incremental amount of expenditures and tuition income 
per enrollment is determined. Knowing this and the various factors 
as well as the average number of courses taken by a student, the 
incremental net income resulting from an additional student, with 
or without granting financial aid, can be determined. This final 
result is presented in Figure 4. 



Table 10 
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RESULTS 

The results of the study are summarized in Figure 4 . 

Once the course enrollment per faculty ratio beyond which compen- 
satory faculty increases and increases in departmental expendi- 
tures are expected if enrollments are to be increased, the net 
incremental income per additional student admitted can be read 
-off on the left-hand scale if the student is not to receive 
financial aid, and on the right-hand scale if the student is to 
receive on the average the same financial aid as the present stu- 
dent body. 

It is seen that if a faculty load cut-off ratio of 100 is 
chosen, an additional student admitted without regard to his 
particular interest will produce additional net income of $1130 
if ha does not require financial aid. Similarly a student with 
an interest in the Physical Sciences will produce a net income 
of $1460, and a student with an interest in the Humanities, a 
net income of $975. If such a student is to receive average 
financial aid, the figures are $390, $720, and $235 respectively. 
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Coil elation between real and estimated income for the sample who sought financial aid (N — 461 j r = .77) 
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FAMILY EARNED INCOME DISTRIBUTIONS FOR TUFTS UNIVERSITY - 1971 
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DTSTK IBUTIONS OF SELF— I.STIMATLD INCOME, CLASS OF 1974, 
FOR PRIVATE UNIVERSITIES AND FOR PRINCETON UNIVERSITY 
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NOTE: Those norms were taken from National Norms for Entering College 

Freshmen — Fall POO , American Council on Education, and Princeton 
Alumni Weekly, February 28 1971. 



Private Universities (non-sectarian) include all of the lvv League 
except Brown and Yale. 
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TABLE 10 




♦Projected U.E. for 71-72 35,195; 4311 students 
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